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Abstract . -

Six experienced teachers of fourth and fifth grades read and -

made judgments about the appropriateness, attractiveness, usefulness,

and effectiveness of each of 32 short descriptions-of language—arts
activities. The activity descriptions had been edited to vary sys-
tematically on five features: amount of student involvement, dif-
ficulty for students, integration of multiple skills or subject
matters, demand on the teacher;‘and fit between gtated purpose and
instructional process. Each teacher thought aloud during the judgment
process. These deliberations were audiotaped and transcribed. A
policy—capturing analysis indicated that only small proporbions.of
variance in teacher judgments could be explained in terms of the five
manipulated cues. A process—tracing analysis of the protocols of

two of the six teachers revealed that they were attending to several
activity features in addition to the five mentioned above. lhe )

\,
process—tracing analysis also provided a description of how the
teachers defined and modified the judgment - task and diew upon their
own professional experiences to comprehend edit, and evaluate the
activity descriptions.- The authors conclude—that the process—tracing

approach is a more promising method of inquiry into realistically

complex teacher-judgment tasks than is ‘the policy—capturing approach.
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UNDERSTANDING TEACHERS' JUDGMENTS ABOUT INSTRUCTION:

THE TASK, THE METHOD, AND THE MEANING1

Robert J. Yinger and Christopher M. Clark2

Sound judgment is a critical skill in any profession, be it law,

medicine, engineering, architecture, or teaching. Because of its ° L
importance, the judgment process has become the.object of psycho-
logical gesearch ih‘reéent years (Slovic, Fischoff, & Li;htenstein,
1977). In the research on teacher thinking, teacher judgment has
emerged as one of several foci of resea;ch (Clark & Yinger, 1977;
Shavelso{ & Stearn,ol981). This paper reports the results of a .
; study of teacher judgment during'an instructional-activities selec~
tion process.
The most frequently used gppfoach to studying and representing
judgment processes is policy capturing (élovic & Lichtenstein, 1971;
' Shulman & Elstein, 1975). . It involves tﬂe use of.a simple mathemati-
cal model (usually linear) and attempts to veproduce the inferenfial ' ’
responses'd a particular judge. Of central interest in this paradigm
is how judges weigh'anﬂ combine information from cues or features of
ghe oﬂjects to be judged.

This ;pproach has been used widely in research on teacher thinkiné.

Recently, policy-capturing models were used to represent teachers'

1This paper was presénted at the annual meeting of the American
Educational Research Association in New York City, March 1982.

2Robert Yinger is a former IRT researcher with the Teacher Plan-
ning Project and an assistant professor of education at the University
of «Cincinnati. Christopher Clark coordinated the IRT's Teacher Plan-

ning Project and is an associate professor of _ducation at Michigan
State University. ) . ,




judgments of the characteristics of effective teachers (Anderson,
1977), effective classroom management (Cone, Note 1), classroom

organization (Borko, Note 2), instructional strategies (Russo, Note

3), and instructional content (Floden, Porter, Schmidt,’Freeman, &
Schwille, 1981). , f R .

Process tracing, another approach to modeling problem solving |
and decision making, has rarely been used to study teacher judgment.
Methods involving process~tracing approach very differeptly the in-
vestigation and. representation of thinking processes. Since intro—
spective reports of many judges seem to indicate the presence of a
complex and configural judgnent process, process tracing begins with a
complex representation of the judgment bsing verbal protocols and
gimplifying “the mental processes involved by using decision trees .or
networks, flow diagrams, and so on.

Process tracing is now commonly used to study problem-solving
processes (e.g., Newell & Simon, 1972). It has also proven success—
ful in u?deling chess thinking (de Groot, 1965), medical diagnosis
(Elstein, Shulman, & Sprafka, 1979), business decision making (Clar&—
sdn;,1962), and consumer choice (Bettmanm, 1971). .In research on
teaching, Yinger (1980, Note 4) used process-tracing methods to char-
acterize teacherﬁplanning. , v

The study reported here is part of a series of stpdies investi—

gating teacher judgment during the selection of instructional mate-
rials. These studies include one that identifies factors influencing

the selection of instructional activities (Clark, Yinger, & wWildfong,




-

Note 5), a policy-capturing study of teacher judgment (Yinger,

Clark, & Mondol, Note 6), a process—tracing study of teacher judg-

memt; a feature analysis of prefebreq‘instructional activities;—and

an analysis of teachers’ self—;eported judgﬁenu processes. This

paper presents and discusses a representation of the ﬁask of teachers

seleq;ing clgssroom activities (that representation described by pro-

cess—traéing methods) and compares this representation with that gen-
- erated by thne poiicy-capturing method.

The major research questions guiding this study are:

1. What factors do teachers take into account when
¥ selecting instructional activities?

2. What thinking procésses are involved in arriving
at these judgments?

b1

3. What are the relative effectivenesses of policy-
capturing and process—tracing methods for modeling
these types of judgment?

Method

Subject

Six fourth- and fifth-grade teachers from two Michigan school
districts volunteered to partfcipate in this study. The three male
~and three female teachers ranged in age from the mid-twentles torthe
mid-thirties and averaged 4.8 yeafs of teaching exprrience (the range

was_from 4 to 6 years). Four teachers taught in self-contained
classrooms; two others team taught. The participants were paid for

’,

their participation.
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Materials ' R :

Thirty—kwovone~or two-page descriptions of language;arts writing
activities were derived from a catalogue of language-arts activities
for upper elementary classrooms (Forte, Frank, & McKenzie, 1973).

The activity descriptions, presented in the séme"geﬂeral_foryét, con—h
sisted of an activity title, a one or two sentence statement of the

purpose of the activity, and a listing of the steps involved in

planning and conducting the activity.

The edited activity descriptigﬁ refiécted five dimensions found
to be important in teachers' judgments of'tﬁe quality of language-arts
instructional materials (Clark, Yinger, & Wildfong, Note'5).. These
dimengions, or cues, were

1. student involvement,

2. difficulty for students, ) .
) 3. integration with other skills -or subject matter, .
4. ‘demand on the teacher,.and ) °

5. fit between the stated purpose and described instruc-
tional -process.

4

The 32 activity descriptions represented a full factoral matrix

of high and low values for -each cue. After editing, four researchers
examined each activity description to determine whether the cue levels
had been set in the intended configuration. Disagreements among the ,

researchers on this task were resolved by further editing and nego-

tiation. ¥

1

We hypothesized that the evaluation and'selection of instruc-

tional materials is not a one-judgment process but rather a series s

of judgments leading to a final decision to implement or not to

N
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implement an activity. (As we wili show below, this even proyed to
be an oversimplified conception of the aetivities involved in the
judgment task.) To investigate thi? Process and to better represert
the complexity of the judgment task, each participant was asked to -
r:spond to four questions about each activity. On the ba;k of each |
acLivity description the questions were stated along with a nine-point
continuum to record each response. The four questions or judgments

to oe made about each activity were as follows:
) 1. 'How attractive is this activity to you?

2. How approprlate is this activity as part of a
- catalogue of language atts activities for fourth

and fifth grade te~chers? 4 .

3. How likely would you be to use this activity as
it is dn, your present classroom?

4. How effective do you think this activity would be ! ' "

for your students?

Procedure *
l In two‘judgment sessions, each lasting approximately one hour, - e
each teacher first was given information deseribing'the purpose of
the study, the procedures, and the materials. Then, a brief back-
ground questionnaire and the required consent and payment forms were
completed. After a set of six warm-up activities and a question and

answer session, each participant was given a loose~leaf booklet con-

taining the 32 attivity descriptions (arranged in a different random

ordet for each teacher). The teather was instructed to proceed
through the booklet of activities, completing the first 16 activities
in the first judgment session and the remaining activities in the

.
' . N

second session,




In addition to vespoading to the four judgment questions on the
- . reverse side of each activity descriptionm, each teacher was instructed

to "think aloud" as they participated in the task. These verbaliza- . .

L4

tions. were tape recorded and later tramscrabed, becoming protocols
of the judgment task. _ e

Policy-Capturing Analysis

-

The primary purpose of the policy-capturing analysis was to ac— g

ceSs the degree to which judgments about instructional activities
& »
- could be modeled by linear mathematical representations. Simple < "
linear regression equations have been shown to provide, in a number o
» . (T

of cases, very good explanations of judgmental fesponses (e.g., Gold- . -

, herg, 1968). Based on the past success of this method, 1inear re-

gression equations were computed for each of the six participants.
The five cues were treated as independent variabies on which the
ratings given to each case were regressed. In all, 24 regression
équations were couwputed using programs from the Statistical Package
for the Social Sciences. ’

Two kinds of information about the judgments emerged. For each
participant, regressicn weights were studied to determine which
ractors were significant predictors of that judge's rating of the
instructional activities. Second, squared multiple correlations were
used to estimate the proportion of variance in each judge's ratings

explainable in terms of the five cues present in each activity descrip-

tion. . v )

. \ .
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Processérrgcing Analyais ¢ .,

Procgss—tracing representations are based on records of thinking-

- e ‘ 4

-
[ A

in-progress, usually in the form of verbal protocols of the subject's -

w ! N e

"thinking aloud" during a task. Protocol :nalysis is a technique . -

. “ - ( _
’tZat has been devised to infer from these records the information-
. / 3 [}

_.grdcessing mechanisms underlying human problem solving behavior (Newell, . )
.o o - . . . .

4.

¢ ‘. ¢

T1977). _Ak&n (1979)'has‘summarized the theoretical conceptions under-

lying this approach: R . L
' e ALl problem-solving behav1or is assumed to consist of '
¢ transforming a given state of information about the L
.., broblem into another state such that the second state o
is closer to containing the information that describes . \
a solution to the problem than the first one. The .act’ . S
of transforming a problem state into another one is ’
called an operation. Given this taxonomy a ‘protocol
starts with an initial information state (or the pro-
blem description) followed by a EEqﬁzize of many inter-
mediate states before.reaching a final (or solution)

) ]

state. Each state can be obtained by ‘the application ’ )
of an operation (or operatot) to the previous state. .
(p. 115) . ' '

R . ’

Within this’ framework the activity judgnent task can be thought .o

of as a problem—solving task culminating in four judgments related

to the attractiveness, appropriateness, usefulness, and effectiveness

of each actiJity. In other nords, we are not only interested in tne
final judgments made by the teachers but also in the thinking process :
that leads to a judgment. : . ;

?he traditional procedures used for protocol analysis have been
most ;trongly influenced by the work of Newell and Simon (1972). \ .
These researchers‘have sought to produce formal representations of

0y

thought processes that could be simﬁlated by computer models. They
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have atfempted.this, using the probiem'beha?ior grapﬁ (PBG)., A PBG

‘ repreéeﬁts a problem-sbl&iﬁg task as that of finding the right '
sequence’of operators (or path) to transform the initial state of the
problem into thé’soluti;n state. Id%itg coﬁplete form a PBG provides
(1) a catalogue of operations that can be applied in a task environ-
ment, (2) the cigcumstances under wﬁich such applications are made;'

P4
and (3) the paths developed during the search for a solution (Akin,

1979; Newell, 1977).\ ' \ Y

-

As the use of process-tracing techniques has increased in recent

. yéars, a number of cri%}cisms of protocol analysis have been raised

(e.gz,hNisbett and Wilson, 1977). Four criticisms are asserted most,

.

«+1. Studies have shown. that when subjehts liave been
asked to introspeét about their actions, they are : ,
often in error. ' .

2.- The verbalization of thought pchesses interferes
th and distorts the normal course of thinking.

¢

3. Since'thouéht proc€sses are much faster than motor
responses (e.g., speech), verbalization cannot
accurately convey the richneds of the cognitive’ ‘ )

processes. .

4. Process—tracing analyses rely uport very ‘small numbers
of subjects in each-~experiment. e
' Space does not allow an extensive analysis and response to these
. \ ' T .
erdticisms hete. Briefly, we can say that many of these concerns have

-

.

been shown to be unfounded: * For example, .experimental analydes of

verbal~reporting procecseé indicate that vefbalization of ojpects cur- -

»

N . T O .
rently in memory can be accurgtely conveyed without digstorting normal ° ..

-
» o

thought processes. ‘The innacurate reports cited by some researchers ' ,

-

-
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seem to result from asking subjects to report information that was
never directly noticed or used, thus forcing them to infer rather
than remémber mental processes (see Ericcson and Simon, 1980 for a
review of this researci). AN

Missing data (criticism #3) seems to b;\ ost problematic when
researchers study tasﬁs that require Vlsual.and‘mftor processes that
are difficult to put into words (e.g., in architectural design).j

Small sample size in these experiments 1is greatly offset by the

hundreds and often thousand8 of observations found in the protocols

U [P -~ e —— e — - S,

of each subject. Conclusions are generalizations about the nature ‘of

;Ee cognitive task and about-cqnsistencies within the problem solver

rather than generalizations to the population of problem solvers.

Results

PoIic&—capturing and process-tracing analyses of judgment are
most powerful as intra-individual methods. $ince both hmethods’
generate a sizable amount of individual data that‘becomes less
meaningful when summarized across subjects, we have cho;en to present
results for only two of six teachers who, participated in the study.
Data from two subjects will adeqdately illustrace the types of infor-
mation generated by the two methods and will be a feaSable amount of
data to attempt to present aﬁd disc;ss within these space limitatioms.

The two teachers whose judgment proccsses are described in this report

were selected because they -have the same number of years of experience
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. teaching upper-elementary grades and because the proportions of

variance in their judgments explained by their policy equations are

representative of those of the six-participating‘teachers.

The Policy-Capturing Analysis X >

Teacher 3, a female, instructs a fourth-grade class in a rural
school; <ghe has four years of teaching experience. The'mean rating
given by this judge to all activity descriptions was 5.26 with a

standard deviation of 2.80. The average squared multiple correlation

from the four Té§f€§§i6ﬁ”ﬁaaélg“genérated*for*thewfour—judgments~was
.28 (adjusted RZ2 = ,14), which iniicates that, as a conservétive .
estimate, a little less than one-sixth of the variation in Teacher 3's
ratings can be accounted fo; by the five activity features manipulated
in the study.

Thé potcion of this teacher's judgment accounted for by the
regression equations shows a fairly consistent weighting pattern across
the four judgments. Of the five manipulated cues (Table 1), Teacher
3's judgments of the activity descriptions were influenced most by
the perceived amount' of student involvement in an activity (Cue 1)
followed by demand on the teacher (Cue 4) and the fit of the activity

£

with the stated purpose (Cue 5). This teacher gave the other two cues
) ‘ -

no significant weighting for amy judgment.

Teacher 5, a male, instructs a fifth-grade class in a suburban
school; he also has four yeurs of teaching experiencé. The meen
rating given by this judge to all activity descriptions was 6.57~__

-

(standard deviation = 2.53). The average squared multiple correlation .

2
Mo




Table 1

Regression Weights for Four Judgments
Teachers 3 and 5

Judgment
Cues ) - <%
™ Attractive Appropriate Likely to Effective
’ lise
T3 5 T3 TS T3 TS T3 TS
1. Involvément 37k A4l «19% 0 W72% .19 AL .19
| 2. Difficulty L9 . .16 4 W06 .25 .3% .50 .28 .19
3. Integration .06 .22 .06 0 .22 -.37 .16 -.05
4. Demand A2 -.53 06 —.13 LT2E =BT e3hk——= 13-
5. Fit 019 _041 019* _043 147 N—.ZS 034* _037
*p < .10
k% ¢ .05
-
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from the four regression models. was .08 (adjusted R2 = 0). This
indicates that the Fegression models of this teacher's judgment
capfured virtuélly~none of tﬁéﬁvariatién-infghdgment.,.Tﬁié is
further confirmed in Table 1, which shows that no significant regres-
sion';quations were gen;fated for this teacher.

The results for these two teachers, though somewhat disturbing,
were similar to results from the other four teachers. Of the 24

regression models generated for all six teachérs, only 11 'equations

had significant cue weightings, and a majority of the regression
7 > -

.. _ S ) .
equations had low R°'s (mean R® = .16; range from .03 to .35). These

results are also consistent with another study of 19 teachers judging

these same materials (Yinger, Clark, and Mondol, Note 6) in which 44
percent of the regression equations showed no significant regressiog
weights and where the squared muitiple correlations were also 1ow. '
(mean R2 = ,18; range from .03 to .50). ﬁ

In the previously cited study, we hypothesized about the reasons
fo£ the poor showing of the poliéy—capturing models for this task.
Ve suspect that a major reason is the limitation of the model in
trying to represent a complex naturalistic judgment in terms of only,
a few cues. The process-tracing analyéis that follows will ﬁddress

this hypothesis in more detail.

Process Tracing ~

The protocol analysis produced three types of information

about the judgment activity: (1) a description of the heuristic
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operators used by the judges, (2) a reconceptualization of the task
04
itself, and (3) a description of the ~ues used by the judges during

7 __  the task. Each of these will be -discussed-in-turn. - - - T

Heuristic operators. Processing information during problem-

) solving tasks has been described in, a variety of ways, all of which
emphasize the organized, delibe£ate, and purposeful orientation that
people adopt ;n most cases. Newell and Simon (1972) characterize‘
these processes in ferms of operators. Others have used terms such
as plans (ﬁillef, Galanter, and Pribram, 1960), schemas (Akin, 1979),

“and éhriﬁﬁgwféggigsglui97b). Often the féf;;wfeflect the leveirof

ggalygis adopted by the researchers. Newell and Simon reduce the
process to basic operators that might be siﬁulated on a computer,

while thos¢ using schemas and scripts are referring to broader

;rganizatiops of compléx, tempéral action.

We have chosen to use the term heuristic operator to describe the
processes used in this study. The word operator is used to refe; to,
the}manipﬁlations or operations ‘that the judge (teacher) is called v

upon to do. We prefac}e this by the woxd heu;'istic to distinguish
our use from the very specific operéfors iﬁ the Newell and Simon tradi-
tion. Also we see these operators as being employed ir the heuristic
. sense of framing a strategy.or approach that is used in a fiéxible and
variable way.
The initial protocol anélyses indicéted'that the teachers were
doing distinguishably different things at different points in the task.

Some of these activities were repeated regularly, others occurred less

frequently. On the basis of this analysis, approximately a dozen

\‘l‘ L . 1?
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"informat}on processiné routines" were inttially identified in the two
teachers{ protocols: lBy more carefui“examinatibnIbf”thé“déérators
and:byksubsuming‘séﬁe under othiers, thé 1is€ was ;édﬁéeatio'éevén"
heuristic'operators that were widely used by both teachers. They aré
readiné, interﬁreting, mental trwing—éut, categorizing, editing, evalu-
ating, and justifying. ‘ .

_ 1. Reading. Reaéing isuthe process of gathéring information

from the text of the activity description. Readiné was the only

source of information available to the judges and thus was a

nécessary part of the task. The participants read in & variety of

\
ways,_including rexgading;nhe_sameﬁmaterialwqgainT—scahping—ahead—to
pick up general information (e.g., the length of the description),
and "skip reading” (skipping over certsin information 1like lists or

examples) .~ ’

¢

2. Interpreting. Interpreting occurred often and in close
proximity to reading. Ié'showed that participants made an effort to
understand what was read. Interpreting included paraphrasing pre-
vious reading a;d constructive activity--information mentioned that,
while consistent with the text, was not required or suggested by it.
A portion of a protocol showing éhe alternations between reading and

interpretation at the beginning of an activity judgment is listed in

Figur% 1,

3. Mental trying-out. Mental trying-out refers to visualizing
an activity in progress while preparing to make a judgment. Basically,

it involves geptally playing out or runﬂing tbrough an activity
——_’/. .

2 ) -

’
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' Heuristic Operator. Line ; Commentary
o - -—Reading - - 1. The first activity is number 28 and \igg. T
2, the name of the activity is Hot s
° 3. Off the Press. The purpose: After \\\\\
4, completing this activity, the .
5. student should.be able to summarize :
6.  in writing the current events of
7. his classroom life and present in
: 8. several styles of writlig the
9. concepts he 1s learning.
Interpreting - 10. Ok, so he's going to have to sum- T
11. marize in writing and he's going )
12. to be dealing with different
13, styles of writing. Ok, sc I will.
l4:y— -try--and--remember-those+- -~ —~ -~
15., Alright. The first .thing he'll
16. - do is to... ) :
Reading ~ ° 17. _ Introduce the idea of wriringa . .
T o 18. newspaper to your class by bring-
. 19. ing lots of newspapers to¢ school
20.. for examination by the students.
Interpreting 21. Ok, so this would be one style:of ’
) 22, writing.
Reading 23, Consider together all the. parts
24, and purposes of a newspaper, the
25, style of writing, methods of
26.. reporting, etc.
Interpreting 27. -~0Ok, um..., I don't know if the
28, purpose of the activity is to
29. worry about the style of writing...
30. whether you-would need to go into ,
31. the parts and the purposes of the
32. newspaper~-but that may be
33. beneficial--or the methods of .
‘ 34, reporting. I guess it would
35. depend on how much you wanted to
36. stick to the purpose of the ac- -
37. tivity.
° Figure 1. Reading and interpreting’ in a protocol. .
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to gather information about its workability. It often involves .

3

e —— et e

. picturing the aztivicy—as—Lg_fita~in&e—a'wider~e$ntexb7——- - - : .

De Groot (1965) first used this term in his analysis of chess
thinking. This term was also used:by Yinger (1979!;1980) to
characterize how teachers investigate instructional plamns. Two
distinct types of trying-out Qe?e evident in these protocols. The
firét, projéction, irvolved imagining the activity within the context

o% the teacher's current modus operandi in the classroom with

his/her‘sthﬁgnté:.hﬁﬁ—ékampleAfféﬁioﬁé of ggé protocols illustrate

this operator:

(Reading) “Using thrée of this week's spelling words,
tell a story about the magic potion to the class,
Write sentences using EEéSe\spgl}ing words with , -
correct spelling and punctuation. ~(Projection) My

_ spelling program is a little different--it"s not that
the whole, class has spelling words. They have their "~

own spelling words. So I guess that would have to' be ST
worked out. Good.... We'd come up with varied sen- Tl
tences--which may be very good.... . \\\;

Viéualizatiom'refers to a more abstraét or geméral trying out
where theijudée is not "mapping" the activity onto a specific

situa£ion but rather trying to visualize'the general case. For

.o ,
example? “

I'm trying to think if fifth gradets would think that
was too juvenile or' not....I think (pause)....ok.

Visualization was used less often than projectioh. It may be
that trying-out is harder ta do.and less fruitful in the abstract. |
4, Categorizing. Categorizing, as the name suggests, inyolves

‘the judges matching the activity deséription with a familiar

activity category or type. The teachers, reduced all or portions of 4




\\\\\:hroughout the protocols. This seemed to help the teachers prepare

»
.
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activity to categories-and types of instruction that they were

the
to understand judgment. Teachers categorized éEnerally and specifi-
cally. They categorized generally when they'tfied to match the written
description with a type ‘of instructional process or activity like role
playing, a "practice activity," a "filler activity," or an “"application

activity." Specific categorization involved a ‘more precise matching

of the activity with,one the teacher had used before. The following - - - ——

protocol segment exemplifies this operation:

°

'_QK!_§'Ye seen _this done before-=this kind--of--activity:— """
And I've even done this kind of activity with my own
students on different holidays.

5. Editing. Eéiéing is:a process of mentally changing in the ;
activity "description during~the reading and judgment process. -Editing

most often_toék place in éonjunction with mental tfbing—out or

categaorizing. Judges seemgd‘to be strongly diépased toward modifying . -
activities into what the&';onsidered nore workable forms-—a goal that’

was not a part of the task presented :to them (more will be said Sn

this point later).

6. Evaluating. The teachers commonly made evaluativye comments

1

here." At other times)\ they made specific or pointedly critical
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couments: "I like-the idea of proofreaders" or "I don't like the
idea of the studernts being independent." ' C ¢
cee - 7. Justifying. Justifying involves presentingaa rationale for
a decision or evaluative remark. It often accompanied evaluating or
editing, most commonly following the responses to the four judgment
questions at the end of each activity. Most likely, some justifying

r

was a response to the task constraints (i.e., thinking aloud as part‘

of a study of teacher judgment) But justifying also seemed to help ’ -
the teacher expiain an opinionyto him/herself. By seeing how much
support could be garnered for a criticism, modification, or evaluation, " 4
the judges seemed‘to be checking their own reasoning processes—-a kind |
ornself—testing. A portion of a protocol that illustrates justifying

in relation to evaluating and editing is shown in figure 2.

-

To begin to understand when and how these heuristic operators

* were used by the judges, we-explored more closely how the teachers

approaclied the-activity-rating task. . This' is the topic of the fol—

lowing section.

Understanding the judgment task. . )

Newell and ‘Simon's theory emphasizes that rational : :
human problem solving is characterized by being
adapted to the problem to be solved. Since it is
adaptive, the behavior of a- person solving a problem
_ tells-us more about the structure of the task than 8b0ut
, the personality dynamics of the problem solver.
-(Shulman and Elstein, 1975, p. 14)

Y

Process tracing reveals important information about both ‘the

task and the rhinking processes of those engaged in it. Earlier

-

we said we were interested not only in the judgment process itsgelf

> * . —— —— v - —

o
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Heuristic Operator . Line Commentary
‘ Reading 1. Ok, numbef three. Let students,
' T 24 exchange—their written‘wozﬁ”ﬁith one
e < . 3. othier student. I
: Interpreting . 4, Ok, they've written down what
. 5. they're doing.
Reading 6. Have them read and correct the paper
USRS .. . 1. _ for punctuation-and-spel-tngi—
N “Interpreting 8. Ok, I guess we're getting a little
. 9. English in there too. The purpose is
10. to identify several creative uses of
] 11. ‘. common objects. . &
Rereading (purpose) 12. .esesSeveral creative uses...and
13 should gain increased facility in
14, the processes required for critical ..
15, .- thinking and...mature judgments. . :
. Evaluating 16. Ok, I wouldn't,..I don't know if I i -
s, . 17. like concentrating so much on the
‘ v 18. written work.
Justifying 19, - Because if you're trying to get

20, critical thinking out of it, the
21. written work'I don't think should
. . 22, be emphasized. o .
Editing 23. 1f I used this I wouldn't emphasize .
. .24 .. thr.t. ‘ i

Figure 2, Evaluating, justifying, and editing in a-protocol.

11
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but also in how subjects prepared for judgment. In the next séétién '
we discuss our conceptions of the activity judgment task based upon
-

the protocol analysis and related research. .

v

Johnson (1955) chardcterized Judgient as a final component in'a

_thought process préééded by pré;;ration and producﬁion processes.
t

These prior considerations becbqs necessary because judgment is based

on some type of matching of the objects to be judged'wifﬁ_étﬂéi

similiar objects or representations of them (Johnson, 1972). Based

v

oﬁ £ﬁese“ﬁbtions we expected to observe the teachers engaged.in some
kind of matching behavior as a major part of the task. ~ - '

We also expected to observe the teachers employing processes to
-

help them understand the written descriptions. Recent problem-solving

)

research has indicated tﬁaq‘understanding a problem is an importgnt
first step to sﬁlving a problem (e.g., Hayes 2.d Simon, 1974;‘Hayes,
Waterman, and Robinson, 1977). Understanding }.as bzon defined in
this reaearch as the process of conséructing representations of a
problem or task. (This process is an example of Newell and Simon's
" notion of constructing a "problem space'' within which a solution will
be sought.) Representatfbn of a problem based on written information
relies upon general knowlédge (syntactic and semantic knowledge) but'
also relies upon knowledge of specific problem types. .
Initially, we conceived of theléééivity-judgment tagsk as a two-
step process: \
1. understand/represent the activity descripfion; and

2. make a judgment.

’
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It cpuld also be viewed in terms. of the subject's goals:‘ judgment
(major goal) and representation (éub-gpgl).
» ' As the analysis progressed we realized that the."understand,
then judge" model was too simplistic. First evaluations were made
very earlj for many activities and judgments were_being constiucgéd
: hané—in-hand with the construction of the activity répresehtation.

Also, wé observed a sizable amount of mental manipulation of the
- 9 . R . - . -

activities as the teachers attempted to construct activity repre-
+ f

sentations and' fit them to specific activity routines or types

»

[ .
(categorizing) or to compare them against their general conceptions

‘

about learning, instruction, and principles of practice (mental
.trying-out). l

. - Qur ;urrent conception of the activity—judgmenE task destribes
it in terms of thé_task‘goals (the.goals the teachers set for them-
selves) and the/heuristic operators used to attain the goals. We

have divided the task goals into four components:

1.+ Understand/represent the written description (reading,
‘ interpreting, categorizing).
2, Answer the questions, "What would this activity look.like'
in practice (mental trying out)?" "How well would it work
(evaluating)?" and "How well do I like it (evaluating)?"

3. Answer the question, "How could I make this activity!ﬁork
' (editing, justifying)?"

- 4, Make final judgments.
This model of the task structure is not intended to be a strict

representation of the flow of processing in the task but rather a

breakdown of the various operations that seem to occur in the minds
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of the teachers. Specifically, Components 2 and 3 help to .explain °
much of the exploration and analygis behavior that was apparent

prior to judgment. We think that the four judgment questionms (see

materials section) created several problems that needed to be solved

before an.activity could be rated. The most,éxpedient way to solve .
- - /
the problems- was through invéstigating the activities using visual-

ization or projection or through simplifying the new activity to a
familiar form (categorization). In fact, there was a distinguishable

portion of the protocol for every activity judgment that showed

_evidence of one or more of these operators. y

- o

A -

The third component in the model accounts for the editing

behavior that was common t&d both teachers. The question "How could

I make this work?" was not a part of the task but a self—imposed

problem-solving step. In fact, Question 3 (see materials section)
\

.for =ach activity asked the teachers to judge the 1ikelihood that

-‘ [ 4

they would use the activity in their classroom "as it is:" "How could

. 2
T make this work?" is possibly an example of the "collector's dis-
position," the tendehcy for professionals to collect and store problem

representatdons and solutions without a currently intended use.

(See Yinger, Note 4, for a discussion of this behavior in one

teacher's planning.) - The teachers  frequently used editing processes
- in their deliberations--in 63% of the activities judged by Te&chef

5 and in 32% of those.of Teacher 3. “

The fourth goal, making the final judgments, was a necessary

and expected part of the task. Previously we-said that we had
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. Observed evaluating and justifying being used earlier in the process.

. 0
This reinforces our notion that considerable overlap or intertwining

of the processes.existed in the accomplishment of the task goals,

_even though it makes sense to talk about them in four parts.
; ! ,

L3

. Our representations (Figure 3) of the sequence and nesting of

heuristic operators for Teachers 3 and 5 in their analysis of the
_same‘activity are analogous to problem behavior graphs (sea the

section; Policy Tracing Analysis) but are not at a more general

.

level. ot

v B . »

Focus of attention in the task., We have thus far described the

4
..jndgment task as approached by c¢he teachers and the heuristic opera-

tbrs they appeared to. use in the process. Now we will describe

aspects 'of the activities or their context that were present in the
teachers' thoughts during- the activity~judgment task. This analysis 4

is the process-tracing counterpart tou the information about cue
Ve

v

usage in the policy-capturing analysis and may help to’ illuminate the

N N

results obtained there. | s

-

’

in their judgments of the activity descriptfons, both teachers
e
mentioned quite a few considerations or cueg. Teacher 3 mentioned -
22 different ¢ues and Teacher 5 mentioned 28. Four of the five cues:

manipulated in the activity descriptions were among those mentioned

rd
-~

by each teacher; neither mentioned "integration." When considering
[ 4
a single activity, each used a moderate number of cues (mean cue

use per activity: Teacher 3, 6.8l; Teacher 5, 4.75)~ Teachers 3

-

A N




.Heuristic Operators Used By
Teacher 5 '

Reading ‘ *
Scanning
Categorizing
Reading '
Skip-reading
Evaluating (global)
Evaluating (specific)
Editing '
Projecting
Justifying
Evaluating (global)
Categorizing *
“Judgment #1
Justifying
Judgment {#2 .
! Evaluating (specific)
. Judgment {3
Justifying
Judgment #4
Jyustifying

™

Teacher 3

24

Heuristic Operators Used By .
et

o

Reading
Visualizing
Categorizing *
. Projecting
Reading . :
Evaluating {global)
Visualizing -
Evaluating (global)
Reading )
Rereading
Interpreting
Projecting
~Interpreting
Reading N
Evaluating (global)
Reading !
Evaluating (global)
Projecting
Judgment #1
Justifying "
Judgment #2
Justifying
Judgment {3
Justifying .
Judgment #4

4

Figure 3. Sequence of heuristic operators employdd by two

' teachers while examining and judging Activity No.- 8.




and 5 mentioned factors in their deliberations on the activities
that could not always be considered cues of the activity de~-

§é}iptions alone. Thﬁy considered many aspects of the activities

<

o

that take on meaning only in the context of implemegtation. . Since
mental tr&ing-out places activitie; in the conféxL of implémentation,
. we observed teachers talkiﬁg about many.spécific and often idiosyn-
cratic concerns related Eo themselves, their students, and their |
classroom. All of the copsiderations for both teachers, howe;e;, can.
be grouped under one of three foci: activity, teacher, or student.

| Twelve considerations or cues were used by both teacher;. In
relation to the activity itself, both mentioned fit of the activity
process with its stated purpose, clarity of the activity descriptionm,
activity type, and age level approﬁ%iateness of the activity. The
cues related to students were'(l) student involvement, (2) student
enjéyment, (3) difficulty Eor students, and (4) effective outcomes.
Concerns mentioned under teacher focus were (1) demand on the teacher,
(2) fit with teacher's goals, (3) fit with current practice ("what I
do"), and (4) fit with past practice ("what we've done"). A look at
the complete cue lists f;r the two teachers (Figure 5) shows that each
considered many aspects beyand those mentionedhin the activity
descriptions as a means of accomplishing their task goals.

Process—-tracing analysis does not produce.a metric compgrable to

’

the cue weightinés derived from a regression model. We can, however,

get a rough indicator of the importance of various considerations




Teacher 3'

Student interest (6)

* Cognitive loutcomes

Affective outcomes
Student enjoyment (7)
General student outcomes
Individual differences

y

Focus
\\g\\L\\gtudent Teacher ‘ Activity
— :
Student involvement\ Demand ' Fit of purpose and description (3)
Student difficulty ~ Fit with Teacher's goals (5). - Clarity of procedures
‘Studentsﬁ task-related Prerequisite instruction (1) Appropriateness. of instructional
ability (2) Fit with\current practice strategy .
Incidental‘learning "Feel" . Activity type

Fit with past practice\ .nternal consistency

/Age level appropriateness (4)

T Teacher 5
o =
Focus

Student Teacher Activity
Student involﬁement (5) Demand ’ ' Fit-of purpose and description (2)
Student difficulty Fit with current practice Brevity -
‘Student enjoyment (1) Fit with past practice Variety
Affective ochdmes Fit with teacher's goals (3) Academic defensibility
Peer interaction Enthusiasm Terminology
Student choide Clarity
Success Uniqueness (4)
Student need Sequence
Challenge ‘ - Design/flow

Diagnostic opportunity
Activity type

Practicality

Expansion potential .
Age-level appopriateness (6)

Figure 5. Cue lists for Teachers 3 and 5.
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from the number of times cues were used. * (It is imﬁortant to
remember that frequency of use provides no clue as to the importance
of a cue in a specific deliberation or how-it was used in rélation to
the other cues considered ;t the sgme time.) For Teacher 3, se&en )
cues accounted for approximately 502 of the incidences of cue use
(presented in rank order. from most frequently mentioned): (1) .pre-
requis}te instruction; (2) students' task-related ability, (3) fit
of stated purpose with §escription, (4) age-ievél appropriateﬁess;
(5) fit with teacher's goals, (6) student interest, and (7) student
e;joyment. Cues falling into this same category‘for‘Teacher 5 (also
rank 5rdered) are (1) student ;njoymeht, (2) fit of stated purpose
with description, (3) fit with teacher's goals, (4) activ%ty unique~
ness; (5) student involvement, and (6) age-level appropriateness,

It is Qorth noting, as we cautioned abo&e, that frequency of use
is not directly comparable to cue weightihg. For instance, Teacher 5
frequently used the cues of fit and involvement but these cues were
never significantly weighted in the regression models for his :
judgments. Further comparisons of the information generated by the

two modeling methods will be taken up in the discussion section.

-

Discussion .
" We now discuss what we have learned in this study about (1) teach-
er judgment of instructional activities, (2) drawing on professional

experience, and (3) methods of modeling professional judgments

Co

| S




,

~Teacher Judgment of Instructional Activities

This study produced information about how -six teachers (two.of
whom are reported or here) approéchéd the activity—judgment task in
terms of thé'problems they confronted, the problém;solv?ng methods '
they used, and the. factors they took into consideration. We mod;led

the teachers' approaches to the task as a four-component process. It

began with attempting to upaerstand the activity description by

constructing a mental representation. This representation was then

analyzed and judged as the teachers attempted to answer -questions B

Kl

about the activity's workability and potential. Efforts were also

. made to edit and revise the activity into "better" forms. )

.

This approach to the task raises the question of whysthe teachers
engaged in such extensive examination and even editing of the activity

-

descriptions. We propose two answers here. First, it seems most ef-

. ficient to examine a plan for action under simulated condiZions. A

related strategy is to seé how well an activity description compares

to plans that have been successful in the past. Both of these approaches

have been observed inhother studies of teacher planning (e.g., Yinger,

1980; Clark and Yinger, Note 7). : . ‘ ..
Second, through investigation and editing, the two teachers,

reported here seemed to be complicating the process to simplify the

produc% in order to transform the activity into either something they'

could use or something they could forget. As a result of this, by

the end of tﬁeir participation, they may have picked up a few workable

ideas rather than a number of activities that would.still require a

lot of work to implement. , ,
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This study also added to our knowledge about the processes
used in téacher judgment. Seven heuristic operators were proposed:
reading, interpréting, mental trying-out, categérizing, editing,
evaluating, and justifying. We disc;ssed'the use of these proces-

sing methods as a means of accomplishing the.goals %p the task.
- A f"’

-

_ A third product of the study was a characterization of the‘tﬁpes
oﬁ'factors éonsidered during the judgment Easka The two teachers - -
g ( mentioned in thiqﬁpaper considered information relatqd to threé
foci: the aétivity, the students, and the teacher. Most signifi- .
cantly, the cues mentioned by the teachers in the protocol§ showed

R _that they were considering & broad range of factors, many of which

. <~ were not directly related to the activity itself. In other words,

th teacheri were going beyond the information given and con- .
sidering idiosyncratic personal and contexéual information. This
. makes sense given the assumed fset toward implementation' that
teachérs would bring to examining a collection of activities of
this sort, but it poses problems for researchers who would attempt ’ ' ,
to understand and mwodel judgment in the abstract (see methodological

discussion below). . )

Drawing on Professional Experience

Traditionally, most psychologicai research has been done on
naive or inexperienced.squects (e.g.; college sophomores). This
has also béen true of much of the problem-solving. research that has
used tasks.ﬁhat require little, if any, specialized knowledge or

skill. An early exception to this was De Groot's (1965) work on
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chess thinking, which h;shinspired in recent years an interest in
expert. problem solving and how experience is bréught to beaf in
'professionéi tasks. Th;s study revealed that éeachers<drew upon
their professkon@l knowledge and experience to help them examine
and judge aétivity plans.

The protocol analysis.revealed two methods that teachers
incorpo&ated into their acfivity-analyses. In the firs%, mental
trying-out, teachers either visualized portions of or whole ac-
tivities 6per;ting in generalized situations or .projected the
activity to theirlcurrent operating context with the students in
the classroom. Categorizing was the second operator and involved
matching parts or all of the activity description with knoﬁn types
‘or categories of instructional processes or_activitiés.'

Both mental trying-out and categorizing show that these
teachers drew he;vily on their professional knowledge and expefience
in this task. This is consistent with results from other studies of
expert problem solving in which methods were Jsed similiar to those
af this study. Mental triing-oué {projection and/or visuhlization)\
is éimilar éo the problem—iﬁvestigation methods observed in_chéss
thinking (De Groot, 1965; Chasé and Simon, 1973). The same pro-
cesses h;;e been observed in teacher planning (Yinger, 19803 Clark

" and Yinger, Note 7). Simon/(l980)-ﬁas suggestéd.that methods with

' . B
a strong perceptual component are important skills that professionals

\

develop.

o
N




Categorizing, described in this study, is similar to methods‘

- found_inhother‘studies that draw upon experience as highly organized,
large-scale functional units. 'Thesé experience units--scripts,
schemas, producticn systems, or routines--have been evident in studies
of experienced individuals solving physics problems (Simon and -Simon,
1978; Larkin, Note 8), solving algebra word problems (Hinsley, Hayes,
and Simon, Note 9), understanding stories (Shank‘and Abelson, 1977),

and planning instructionel activities (Yinger, 1979). Studies

comparing expert problem solving with novice or beginner problem
solving have found tnat novices apnioach problems piecemeal and are
unable to effectively draw upon large scale organizations of know}
ledge and experience. In terms of this study, we could expgct that
iese experienced teachers.categorize,'visualize, and ptoject more
simply than more eiﬁérienced teachers do. We would also predict

less editing among novices.

.
t

Methods of Modeling Professional Judgment

The, results of this study suppert our earlier assertions (Yinger,
Clark, and Mondol, Note 6)Athat policy-capturing methods only inade—
quétely represent complex judgment tasks. These methods have been
shown to be much more effective in highly controlled tasks that limit
_to a small number of unambiguously present cues the amount of infor—
mation Svailable. We feel that the trade-off that these studies make
in reducing ecologicaf validity to gain expetimentql c;ntrol is un-
acceptable for étudying professional judgment. The large number of
cues revealed in the process ttacing illustrates the limitations of

'trying to understand or model the process using only five cues.

€
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If policy capturing seems like a limited way to determine the

-

important factors considered by a teacher, it says nothing at all
about a teacher's conception of the ‘task and the process and

methods used to accomplish it. Policy-capturing models assume that

1

v

judgment proceeds in a fairli straight forward manner by the additive

combination of weighted cues. Though these models have proven to be

‘

highly predictive in certain judgment situations, we doubt that they‘
have much explanatory value iﬁ terms of acéual tésk conceptions or
processes. |

Process—-tracing methods are imperfect. Much-of the knowledge
that gﬁideé'our day-to-day or professional activity is tacit and not
easily verbalized. Thus, some of thé information r?iévant to
describing thought processes remains uncaptured. Still, the
natur;listic, even ethnographic orientation of the method seems to
be well suited to understanding teacher thinkingt We are assuming,
of course, thag the improvement of professional practice is based

-

on understandiﬁg and\not merely on prediction and that examin&qé
h ! X ) . .

the tasks, the methods:\agd the meanings created by teachers is an

\,

important avenue to arriving at this goal.
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